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Clirmate change-driven !Dene’roctonus pondserosas. authreaks in- semi-ndive Rin

albicaulis.may. result.in. rapad natural selection for trees with genotypes and phenolypes

associated with survival. In this study, weinvestigated whéther survivors were gene i calty
and chemically different: from ' living cohort of trees that. escaped predationf dus:
to smaller size and estimated genetic diversity. We also examined how growity rate
and climate sensitivity Var;ied peff}meen bestle-killed and surviving trees. Dendréch_uS

pondarosas predominantly Kills large diameter traes; thersfore, we predicted that Jarge

surviving trees would have distinctive:genetic profilss and, due to bottleriecking andjdnft,
survivors Would have lowsr genétic diversity: than the abundart smialler mature frees
that sscaped predation. We found sunivors were indeed genetically- d'ivergent'frof ) the
smaller trees but, contrary to expectations, the smaller trées had lower dlversﬁy This
suggests that while beetles may select for trees with particular genotypes, other faetors
are also dnvang populatlon genetic sub-structuring. Indrvrdua] tree terpene proﬁfes vere
diverse and varied by population:but showed rio.clear relationship to.survivorshipd Two
groups of trees with divergent . sensitivities to climate were obsenved in ‘each: populatlon
but neither was a clear mdicator of survivorship or susceptibility to beetle atfack. Gr ol
rate was the best pred;ctor of survivorship with survivors growing significaritly st
than bestie-killed trees over their lifetimes although growth rates converged in years jus
prior o -incieased "bee’tle"factivity:'OVer“aII: our resuits suggest that - albicaulis frests
show considerable drvergence among populations and within-population: genet;c'-ubo
structuring, and -that they may contain cormplex mosaics of adaptive potermais oa
varisty of strassors mcludlng D, ponderosae: To protect the abillity of this tree-to gdapt
tol mcreas:ng pressure frorpr Beetles, biister rust, and climate change, .a top priority s ol
be the maintenance of standlng geneho diversity and adaptive shifts in allele frequer cies.

Keyworsts: Dendrodtonus. ponderasae {mountain pine beeﬂe}, gene'hc diversity, climate change, ada atian,
dendtochronclogy, Pints afb:caul’fs
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produce different types, amounts, or ratios of secondary chemical
compounds that result in the rejection of these trees by beetles
but that the chemicals involved dre in.groups other than the
terpenoids we included,

It is not knvwn whether larger resin duct area results in
greatér constitutive defense. If it does then there should. be
greater resin Jow in slow growing P albicaulis. However, resin
flow in P, albicaulis s usually véry low and sométimes noz-
existent. During this study, we measured resin flow over-a
24-h period in July 2017 for 40 swrvivors and 40 generals af
Vipond Park and only four treeés produced measurable, but low,
amounts. of resin with two fallmg into each: category (data not
shown). Additionally, larger-resin ducts’ itx other conifers have
not been found to. result in greater resin flow (Hodges et ak,
1981 Hood and Sala, 2015); Slow-growmg survivors may invest
more. in producing. greater resin duct area- and resin within
their xylem, but the effect on beetles may be more quahtanve
than quantitative, especxaﬂy if they also invest differently in the
secondary chemicals they ‘prodice. Axn investigation into the
secondary chemistey of P. albicaulis with differing- resin duct
areas may help- 1denufy the miedns b}' which beetles can' exert
‘choice at a distance’ given survivors aré not attacked and beetles
do not encounter resin physicaily.

Interestingly, climate sensitivity was .not predictive of tree

survivorship. At Poverty Flat and Vipoiid Park; beetle-killed:
trees and survivors both contained large proportions of sensitive.

-and non-sensitive trees: (Supplementary Appendices. 2, 3). Our
results agree with those-of Cooper et-al. (2018) who found oo
relationship of chmate variables to survivorship. in: P conforta
and of Kichas et'al. (2020) who found no relationiship of these
variables to survivorship or resin duct area in P..albicaulis. :

In: correlations comparing BAI/BAs for individual trees and
climéte variables, again we found no clear difference inr climate
sensitivity’ between survivors, beetle-killed trees, and generals
(Table 8). However, we did find differences b_et_ween sensgitive
and rion-sensitive ‘trees, particulady: a positive ‘corrélation
to- PDSI ‘indicating a negative growth response of sensitive
trees to drier conditions (Supplementary. Appenchces 2-4).
In: ‘contrast; non-sensitive trees did not respond positively to
PDSI, but rather, were more likely to positively respond to
March: temperatures' or negatively-to December- temperatures.
(CO). 'Warmer March tfemperatures may allow for earlier
growth in these trees while the negative relationship t6

December temperature may relate t0 negative effects.of ‘warmer

temperatures on snowpack retention. Kichas et al {2020)
observed reduced growth during wetter wintets for P.- alhicaulis

at a site in northern Montana-and Perkins ahd Swetnam (1996).

noted positive tespotisés to winter and spring precipitation om

growth of P. albicaulis and: suggested that feedbacks:-among
climate vatiables likely pfodisce montinear effects influencing.

‘smowpack and consequently growth (Perl{ms and Swetnam,

“However, as different as these threats :are from oné

Plg‘ures 2, 3) but ne relatnonshlp at. Lacy Creek (Supplem:_ ar)'
rates

Figure 3). In fact, Lacy Creek trees did not reduce gro
during the most recent drought and actually exhibited
growth during wet periods in the 605 and 90s. This hig
the importance of tree responses; and likely genetics, aion mth
climate in outbrezk develépraent. -

importance to Conservation :

Whitebark pine is in decline aeross much. of its range die to
the effects of the non-pative disease white pine blister rust,
D. ponderosae. outbreaks,and climate change (Keane et-al, 012}
This is a *wicked problem in that succéssfl conservatipn of
this tree will require approachés that déal with ail three theats.
3 ther,

_the}r share one commonality, and that is that the ability $fthe

species to persist will depend on its potential for adaption to o
stresgors that, in turn, depends on genetic diversity. - _

Standing genetic diversity is in large part how long hved_ :
organisms such as trees persist-in the face of shifting ¢ _- atic

hese

-and_other stressors over time (Petit and Fampe, 20068 We

‘& top priority,and practices thdt can reduce diversity or thal may

1996). Thé sensitive-ingefnisitive dichotoniy that we observed.

in tree résponsks to climate variables at all three sites

further suggests that genetic sub-structuring within, P, albicaulis
populations increases thediversity of tree responses'to climatic

conditions, potentially increasing resilience of the forest as 4
whole to fluctuating conditions over time.

found evidence of. smibstantial population sub:structirigg in
P. albicanlis that may indicaté’ a strong adaptive pot tial.
Different cohorts and categories of trees within. each poputation
exhibited divergent genietic: {(Figure 1) and phenotypic piofiles
(Flgures 2, 3) as well as differential regponses o climate {Taljle8).
Older trees. _possessed greater genetic diversity’ {Table 2. but
younger {general) trees grew bettér inder more recent conditions
(Figure 4) suggesting they may be bétter adapted to wrmer
conditions, Although generals had lower genetic dlversn:y gene
flow among other coliorts including large survivors: Rould
dct fo roaintain genetic diversity and to produce new: ginetic
combinations on which selection can.act. However, the ¥apid
growth rates exhibited by generals may also be a cause for coficern
given that D. ponderosae-appears to prefer faster growing grees.
This. may influence overall stand survival and genetic divers ty as’
thésé trees reach sizes susceptlbie to: beetle attack Overalf our,
results suggest P. albicaulis forests contain:a complex mosgic: of
adaptive potentials to-a. variety of stressors but that the abiljty'of

populationsto. pers1stvwll likely vaty across the geographic-fange
of the tree depending in the genetic- diversity within and agong:
populatmns {Jorgenson and Haimirick; 1997; Lit et al, 2016

To protect the ‘ability of this free to adapt to curren and
future-conditions, the maintenasnce of genetic: diversity sho fid be.

introduce’ maladaptive-genes or swamp local adaptation s
be avoided. Reliance on natural regeneration is best beca
irivolves locally adapted seed sources-drawn from the fulbai
diversity present in the stand and seedlmgs that establigh
done'so undér a local climatic selection filter, Where silvict
‘practices are applied, they should be implemented with catftion. _
In cases where planting ‘is required, care should be usgdiin
sourcing seed; 35 even locations ¢lose fo one another | ay not
be. appropriate for’ collections. For, example, trees at Lagy Greek
and Vipond Park, Tocdted only 27 km apart; showed dlffer nces
in geneticand terpenoid profiles; growth rates, and sensitivdty to
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climate. Even when using seed from the sit¢ where seedlings will
be planited, care muist be taken to collect from multiple cohorts,
as -one cohort may not teflect the full genetic diversity of the
site as shown by differences between survivors and genetals at
our sites. To thaximize éffectiveness and minimize inadvértent
harim, it will be crucial in 4]l conservation: efforts 10 consider the:
strength of local adaptation and genetic structaring within and
among populations as well asithe sonrces and degree of gene flow
and the muiltitude:of stressors with which the tree must contend
(McKay et al., 2005).
Our results also indicate that thinniilg prescriptions aimed
at increasing tre¢ growth in whitebatk pine shoild be applied
with considerable caittion. Greater tree ring width/faster growth.
has been widely used as a proxy for treé vigor and -as an
indicator of greater. fésistante to bark beetles (Bhuyan et ak,

2017). This view has led to thifning projécts in whitebark pine *

aimed at increasing growth and vigor {Retzfaff et-al., 2018} and
resistance to D. ponderospe. However, while the relationship
between growth. and resistance to beetles hias been shown to be
positive in some pines and variablé in others (Millar et al, 2012
Knapp et al., 2013; Keen et al., 2020); the opposite appears to be
true for some populations of P. contorta (Cooper et al, 2018}
and for P. albicaulis. To our study, as well a5 in that of Kichas
et-al. (2020}, faster overall growth was the strongest predictor of
mortality due to D, ponderosae indicating that such treatments:
will not have their intenided effect in P, albicanlis and may even be
demmental Furthermore, naturally low résin production, even
by survivor and open-grown P, albicaulis, indicates’ thinning
will have little-to-no effect on enhancing constitutive defenses
against the insect..

Anthropogenic change is -creating or enhancing a nnmber
of stressors on forests, To aid forests. in adapting te these
stressors, we need: to move beyond traditional spacing and ages
class presc:nptlons and take into account the genetic vanabdjty
within and among populaUOns and the impact our actions Toay
have on adaptive potential and forest trajectories. Becatise so
litdde s known about:the genefic- diversity in miost forest tices,
and because it is key to effective conservation, studies of genetic
diversity and structuring in forest trees should bea top priority in
forest adaptation and conservation éfforts.
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